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S2RNA Mediated Gene iSilencing in Transgenic Animals 

The present Invention relates to a process that enables constitutive and 
inducible gene Icnocic down in living organisms using a short hairpin RNA 
expression vector integrated into the genome of the organism. 

Baclcground of tite Invention* 

RNA interference (RNAi) has been discovered some years ago as a tool for 
inhibition of gene expression (Rre, A. et al.. Nature 391, 806-811 (1998)). It 
based, on the introduction of double stranded RNA (dsRNA) molecules into 
cells, whereby one strand is complementary to the coding region of a target 
gene. Through pairing of the specific mRNA with the Introduced RNA molecule, 
the mRNA is degraded by a cellular mechanism. Since long dsRNA provokes an 
Interferon response in mammalian cells, the technology was initially restricted 
to organisms or cells showing no Interferon response (Bass, B.L., Nature 411, 
428-429 (2001)). The finding that ihort (<30 bp) interfering RNAs (sIRNA) 
circumvent the interferon response extended f the application to mammalian 
cells (Elbashir, SM. et al.. Nature '411, 494-498 (2001)). 

Although RNAI in mice has been in principle demonstrated, the current 
technology does not allow performing systematic gene function analysis in- 
vivo. So far the inhibition of gene expression has been achieved by injection of 
purified siRNA Into the tail vain of mice (i^lcCaffrey, A.P. et al., Nature 418, 38- 
39 (2002); Lewis, D.H. et al., Nature Genet. 32, 107-108 (Z002)). Using this 
approach, gene inhibition is restricted to specific organs and persists only a 
few days. A further Improvement of the sIRNA technology Is based on the 
Intracellular transcription of short hairpin RNA (shRNA) molecules using gene 
expression vectors (see Fig, 1; Brummelkamp, T.R. et al,. Science 296, 550- 
553 (2002); Paddison, P.J. et al, Genes Dev. 16, 948-958 (2002); Yu, J.Y. et 
al., Proc. Natl. Acad. Sci. USA 99, 6047-6052 (2002); Sul, G. et al., Profc. Natl. 
Acad. Sci. USA 99, 5515-5520 (2002); Paul, CP. et al.. Nature Biotechnol. 20, 
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For the temporal control of RIMAI mediated gene silencing In transgenic 
cells lines and living organism, a tight system for inducible siRNA expression is 
needed. Inducible gene expression systems based on the tetracycline 
dependent repressor are known. It Is, however, hot obvious whether a stably 
Integrated, single copy configuration of these systems can be created that 
allows inducible RNAi in multiple organs without background activity. 

• Summary of the Invention 

It has now been found that the modification of murfne embryonic stem (ES) 
cells by the introduction of shRNA expression vectors through targeted 
transgenesis allows the inhibition of gene expression in mice generated from 
these modii^ed ES ceiis. The invention thus provides 

(1) the use of an expression vector comprising a short hairpin RNA (shRNA) 
construct under control of a ubiquitous promoter for preparing an agent for 
constitutive and/or inducible gene knock down (hereinafter also referred to as 
"RNAi mediated inhibition of gene expression") in a living organism or in cells 
of a cell culture; 

(2) a method for constitutive and/or Inducible gene knock down in a living 
organism or in cells of a cell culture which comprises stably Integrating an 
expression vector as defined in (1) above into the genome of the living 
organism or into the cells of the cell culture; 

(3) a living organism or cell culture having stably integrated, preferably at a 
polymerase II dependent locus of the living organism or cells of the cell 
culture, an expression vector as defined in (1) above; and 

(4) an expression vector as defined in (1) above. 

Short Description of the Figures 

Fig. 1: Mechanism of RNAI through shRNA expression. A: expression of shRNA. 
B: ShRNA processing. C: Pairing of siRNA with complementary mRNA strands. 
D: Cleavage of mRNA. 

Fig 2; Pol III dependent shRNA expression vector (constitutive). Insertion of 
an shRNA expression vector into a ubiquitously expressed genomic locus. 
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• ZyZ ' "P^^-- Po, ir dependent-promoter w«l be stopped 

by a synthetic po,yadeny,a«on signa, (pA) and ^he hGH pA. T7,e Form 
dependent promoter cont.„s the exp,^ss,on of shRNA. T.e t^nscript " 
stopped by five thymidine bases. transcript is 

Tet repression system. tTS Is a doxycydfne controlled transcriptional 
encer consisting of the tet repressor and the KRAB-ab domain of the J-x 
protein. This fusion protein binds to the pol III dependent promoter via the tet 

^ vectors for Po, m dependent promoter based tet-repression system 
(induoble). insertion of a shRNA expression vector Into a ubiquitous expressed 
genomic locus. The transcription of the Poi II dependent promoter will be 
stopped by the synthetic pofyadenylatlon signal (pA) and a hGH pA. An 
inducible POI in dependent promoter controls the expression of shRIMA. The 
transcript Is stopped by five thymidine bases. 

E3^ Principle of the Doxycydlne inducible gene expression system. rtTA2M2 
.s a doxycycllne-controlled transcriptional activator consisting of the reverse 
tet repressor and the.VPl6 activation domain of the Herpes simplex virus VPie 
protein. This ftislon protein binds to a minimal CMV-promoter via the tet 
operator sequences In the presence of doxycydfne and activates transcription 
tTS functions In a similar fashion as explained in Rg. 3. 

Ba^ Vectors lor Pol II dependent promoter based tet-system (Inducible). 
Insertion of a shRNA expression vector into a ubiquitous expressed genomic 
locus. The rtTA2M2 is expressed under" the control of the ubiquitous Pol II 
dependent promoter, stopped by a synthetic polyadenylation signal (pA) and a 
hGH PA. An indudble Pol II dependent promoter controls the expression of 
ShRNA. The transcript Is stopped by a short polyadenylation signal. 
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Detafled Description of the Invention 

The term "living organisms", according to the present Invention relates to 
multi-cell organisms which can be vertebrates such as mammals (e.g. non- 
human animals such as rodents Including mice and rats; and humans) or non- 
mammals (e.g. fish) or can be invertebrates such as insects or wormS/ or can 
be plants (higher plants, algi or fungi). Most preferred living organisms are 
mice and fish. 

'*CeIi culture" according to the present invention includes celts isolated from 
the above defined living organisms and cultured fn vitro. These cells can be 
transformed (Immortalized) or untransformed (directly derived from living 
organisms; primary cell culture). 

The expression vector according to the invention of the present application is 
suitable for stable integration into the living organism or Into cells of the cell 
culture* It Is moreover preferred that it contains tiomoiogous sequences 
suitable for targeted integration -at a defined locus, preferably at a polymerase 
II dependent locus of the living organisms or ceils of the ceil culture. 

The expression vector may further contain functional sequences selected from 
splice acceptor sequences (such as. a splice acceptor of adenovirus, etc,)/ 
polyadenylatlon sites (such as synthetic polyadenylation sites, or the 
polyadenylatlon site of human growth hromones, etc.), selectable marker 
sequences (such as the neomycin phosphotransferase gene of B. coll 
transposon, etc.), etc. 

The expression vector of the invention is suitable for the following particularly 
preferred approaches (for constitutive and inducible expression): 

A. a Pol III dependent promoter (constitutive HI, U6) driven shRNA 

construct (to be Integrated into ^ ubiquitously active Pol II dependent 

locus (see Fig. 2); 
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B. a Pol III dependent promoter (Inducible U6)- driven shRNA construct (to 
be .ntegrated Into a ubiquitously active Pol II dependent locus (Hg 3 and 

C. a polvn,erase 11 (Pol H) dependent promoter (Inducible CMV) driven 
shRNA construct (to be Integrated Into a ubiquitously active Pol II 
dependent locus (Rg. 5 and 6)). 

The ShRNA within the vector of the Invention preferably comprises 
(I) at least one DNA segment A-B-C wherein 

A Is a 15 to 35, preferably 19 to 29 bp DNA sequence being at least 
95%, preferably 100% complementary to the gene to be knocked down (e g 
firefly luclferase, p53, etc.); 

B Is a spacer DNA sequence having 5 to 9 bp forming the loop of the 
expressed RNA hair pin molecule, and 

C Is a 15 to 35, preferably 19 to 29 bp DNA sequence being at least 
85% complementary to the sequence A; and 
(II) a stop and or polyadenylatlon sequence. 

A preferred embodiment of the method (2) of the Invention concerns the 
following steps: 

1. Generation of the short hairpin DNA containing the antisense- and 
sense-strand of the coding region of a gene (e.g. firefly luclferase; pS3). 
Antisense and sense-strand are separated by .a spacer of 5 to 9 bp. 

2. Generation of constructs for the expression of the above mentioned 
ShRNA under the control of a constitutive or Inducible promoter (Pol II 
or Pol III dependent). 

3. Insertion of the mentioned expression constructs into a ubiquitous 
. expressed Pol II locus fay homologous recombination In ES cells. 

4. Analysis of the constitutive and Inducible inhibition of gene expression 
(e.g. firefly luclferase; p53) In ES cells (e.g. through Western blot 
analysis). 
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5. Generation of mice ushg the mentioned ES cells and anal/sis of the 
inhibition of gene expression in several tissues (e.g. firefly luciferase; 
p53; e.g. through Western blot dnalysis). 

The procedure's advantages over current technology are as follows: 

(i) The stable and body wide Inhibition of gene expression by generating 

transgenic animals (such as mice}. 

(it) The reversible Inhibition of gene expression using the indudble 
constructs. 
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1. Use of an expressfM vector «n,prbrng a short Mrpin RNA construct und^r 
control Of , ubiquftous promoter for preparing an agent (shRNA) for 
constitutive an<l/or inducible gene knock do»„ m a Bving organism or In cells 
of a cell culture. 

2. The use of claim 1 wherein the expression vector 

(I) Is suitable for stabile Integration Into the genome of a living organism or 
into the genome of cells of the cell culture; and/or 

(ii) contains homologous sequences suitable for Integration at a defined 
genomic locus through homologous recombination, preferably at a polymerase 
11 dependent locus In the genome of the living organism or In the genome of 
the cells of the cell culture Including embryonic stem cells; and/or 
(III) further contains functional sequences selected from splice acceptor 
sequences, polyadenylatlon sites, selectable marker sequences, etc. 

3. The use of claim 1 or 2 wherein 

(0 the ubiquitous promoter Is selected from polymerase I, n and III 
dependent promoters and preferably is a polymerase II or III dependent 
promoter; and/or 

(il) the ubiquitous promoter Is constitutive or Inducible; and/or 

(III) the living organism is a multi-cell organism Including vertebrates 

Invertebrates and plants and the cell culture Is derived from said living 

organism. 

4. The use according to any one of claims 1 to 3 wherein the expression vector 
Is 

(a) a Pol III dependent promoter (constitutive HI, U6) driven shRIMA 
construct suitable to be Integrated Into a ubiquitously active Pol II 
dependent locus; 
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(b) a Pol III dependent promoter (Inducible U6) driven shRNA construct 
suitable to be integrated Into a ubiquitously active Pol II dependent 
locus; or 

(c) a Pol II dependent promoter (Inducible CMV) driven shRIMA construct 
suitable to be integrated Into a ubiquitously active Pol II dependent 
locus. 

5. The use according .to any one of claims 1 to 4 wherein the shRNA comprises 

(I) at least one DNA segment A-B-C wherein 

A is a 15 to 35, preferably 19 to 29 bp DNA sequence with at least 95%, 
preferably 100% complementarily to the gene to be knocked down; 

B is a spacer DNA sequence having 5 to 9 bp forming the loop of the 
expressed RNA hair pin molecule, and 

C Is a 15 to 35, preferably 19 to 29 bp DNA sequence with at least 85% 
complementarily to the sequence A; and 

(II) a stop and or polyadenylation sequence. 

6. A method for constitutive and/or inducible gene knock down In a living 
organism or in ceils of a cell culture which comprises stably integrating an 
expression vector as defined in any one of claims 1 to 5 into the genome of 
the living organism or Into the ceils of the ceil culture,- 

7. The method of claim 6 .wherein the expression vector is Integrated at a 
polymerase locus of the living organism or cell culture. 

8. ' The method of claim 6 or 7, wherein the method for constitutive and/or 
inducible gene knock down in a living organism comprises integrating the 
expression vector into ES cells of the living organism. 

9. A living organism or cell culture liaving stably Integrated, preferably at a 
polymerase II dependent locus of the living organism or cells of the cell 
culture, an expression vector as defined in any one of claims 1 to 5. 
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ao. An expression vector as defined In any one of claims 1 to 5. 
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Abstract 

The present Invention relates to a process that enables constitutive and 
inducible gene knock down In living organisms using a short hairpin RNA 
expression vector Integrated into the genome of the organism. 



17. OKI 2002 15:20 " ||PATENT VON OEISLEJ}. KOBLN 



-1/3- 



WJ1 2846 S. 21 




Fig.2 



Empfaneszeit 17.0kt. 15:20 



17. OKT. 2002 15:20 |gQMPATENT VOW OBISLEK, KOELH 



NR. 2846 S. 22 



-2/3- 



[ promotor |[ tT8 ( 



+ Doxycycline y 




L Pf'teWwor If shRNA I 



activation 



Ffg.3 



-Doxycycline 





SB 



I Pf^tetapwator ll shRNA I 



repression 



shf^NA 



iiiiZi 



B 



Fig.4 



|PA_J-— f CAGGS-tTS'PA 



c-nf9o/fs7fi{t i/.okt. I5;20 



17. OKT. 2002 15:20 



J^7im VON OEISLBfi, KOBLN 



9 NR. 2846 S. 23 



-3/3- 



I Promoter"^ rtTA2"" | 



I Promoter |l . tTs ] 



* Doxyt^cflne 



Fi9.5 



I 
I 




I shRNA I 



activation 



I 

I " Doxycycline 
t 




ll ahRWA 1 



repression 



Fig.6 



rtTA.M2. 



B 




DA 



CAGGS-tTS-pA 



EaiPfansszeit I7.0kt. 15:20 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ MDED TEXT OR DRAWING 



Ui COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




□ ySKEWED/SLANTED IMAGES 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 



